In preparation for ovulation, paracrine communication between the preovulatory follicle and overlying theca/ stromal cells and ovarian surface epithelium (OSE) must take place to facilitate the degradative and apoptotic events associated with ovulation. Kit tyrosine kinase receptors and their ligand, kit ligand (KL) are expressed within ovarian follicles, and ligand-induced receptor activation appears to account for some of the cell ± cell interactions important for oocyte development. We investigated the expression of Kit receptors and KL in OSE cells and the possibility that modulation of their expression could aect OSE cell activity. KL mRNA and protein were detected in the OSE cell layer of rat ovaries, and primary cultures of rat OSE as well as the immortalized rat OSE cell line, ROSE 199, expressed KL, but not Kit receptors. Both primary and immortalized OSE cells preferentially expressed KL-1, rather than KL-2, transcripts, suggesting that these cells produce predominantly the soluble form of KL. Activation of the cAMP signalling pathway using dibutyryl cAMP decreased proliferation of ROSE 199 cells and elicited a threefold increase in KL expression. TGF-b similarly inhibited ROSE 199 cell proliferation, but strongly inhibited dibutyryl cAMP-induced KL expression, indicating that changes in KL expression were not directly associated with OSE cell proliferation. The expression of mostly soluble KL in the surface epithelium suggests that this cytokine may be acting in a paracrine fashion, perhaps interacting with nearby Kit receptorbearing theca cells.
Introduction
The ovarian surface epithelium is a single continuous layer of epithelial cells that surrounds the ovary and is embryologically derived from the coelomic epithelium which overlies the genital ridge (Julian, 1974) . In adult life, the ovarian surface epithelial (OSE) cells vary in phenotype from squamous to columnar , and contribute to the process of lysis and repair of the ovulatory site by secreting proteases that aid in follicular rupture (Bjersing and Cajander, 1975) . Prior to ovulation, the OSE cells overlying the stigma undergo apoptotic cell death (Murdoch, 1996) . After ovulation, OSE cells at the perimeter of the wound undergo a burst of proliferative activity to repair the ovulatory wound and thus restore the continuity of the epithelium (Murdoch, 1996) .
With the exception of proteases secreted at the time of ovulation, little is known about OSE cells and their ability to regulate ovarian function. However, knowledge of OSE cell products that may regulate stromal cell function is of particular importance since OSE cells can form invaginations and cysts that give rise to ovarian epithelial carcinomas. OSE cells are capable of producing extracellular matrix proteins (Kruk and Auersperg, 1994) , the cytokines IL-1, IL-6 and macrophage colony-stimulating factor (Lidor et al., 1993; Ziltener et al., 1993) and other growth-regulatory molecules, including TGF-a (Jindal et al., 1994) and TGF-b (Berchuck et al., 1992) . Because of the potential relevance to both normal ovarian function and the development of ovarian tumours, further examination of OSE secretory products is warranted.
Both hormones and growth factors have been shown to in¯uence OSE cell proliferation. Gonadotropins stimulate growth of normal rabbit OSE cells . Both rat (Godwin et al., 1992) and human (Rodriquez et al., 1991) OSE cells proliferate in response to EGF and TGF-a, and EGF receptors have been identi®ed in human OSE cells (Jindal et al., 1994; Berchuck et al., 1991) . Although TGF-b receptors have yet to be found on human OSE cells, TGF-b has been shown to inhibit the proliferation of these cells in culture (Berchuck et al., 1992) implying the presence of the receptor for this growth factor. Speci®cally which of these factors are involved in the apoptotic and proliferative activities in OSE cells around the time of ovulation is not clear.
The Kit tyrosine kinase receptor and its ligand, KL, have been implicated in the growth regulation of a variety of cells. In fact, in most Kit-bearing cell types that have been examined, activation of Kit receptors by KL stimulates cell proliferation. KL stimulates colony formation of primitive hematopoietic precursors from bone marrow (Metcalf and Nicola, 1991) and induces the proliferation of mast cells (Tsai et al., 1991) . Like somatic cells, primordial germ cells, which express Kit receptors, respond to KL in culture with increased survival (Dolci et al., 1991; Godin et al., 1991; Pesce et al., 1993) and proliferation (Matsui et al., 1991) . In prepubertal male mice, KL selectively stimulates DNA synthesis in type A spermatogonia (Rossi et al., 1993) .
Strong evidence for the involvement of Kit receptors in the regulation of OSE cell growth is provided by mice with mutations at the Kit locus. The Kit x/v mutation is a substituted amino acid in the Kit receptor kinase domain resulting in reduced kinase activity (Nocka et al., 1990; Reith et al., 1990) . In Kit x/v mice, the surface epithelium of neonatal animals exhibited foci of crowded OSE cells up to several layers thick compared to non-mutant animals of the same strain (Murphy, 1972) . This overgrowth ultimately led to the formation of extensive invagination of epithelial tubules into the ovary cortex and, by 13 ± 20 weeks, these animals exhibited complex formations of tubular adenomas composed of invasive epithelial tubules and interstitial cells. Although the mechanism by which stromal-epithelial interactions are disrupted is currently unknown, the evidence that theca cells express Kit receptors (Motro and Bernstein, 1993; Manova et al., 1993) would suggest that theca cell function has been compromised by Kit x/v mutations. The phenotype of the mutant mice would suggest that theca cells normally mediate growth inhibition of OSE cells since loss of normal Kit function results in OSE cell invasion into stroma.
Since Kit and KL interactions stimulate proliferation of a variety of cell types, we examined whether Kit and/or KL are produced in rat OSE cells and if their expression could be modulated. Given the limited information about the factors that aect OSE cell activity, particularly around the crucial time of ovulation, we investigated the eects of TGF-b, a product of theca cells that is upregulated at ovulation, on both OSE cell proliferation and KL expression.
Results

Expression of KL and Kit in OSE cells
In situ hybridization was performed to localize KL mRNA transcripts in sections of 28-day-old rat ovaries. Parts of ovary sections from PMSG-primed rats are shown in Figure 1 . Probe hybridization is evident as a dark blue-coloured reaction product. Staining was seen throughout the ovarian epithelium (Figure 1a,b) and was more evident at higher magni®cations ( Figure 1c ). When sections of ovaries from PMSG-primed rats were incubated with excess unlabelled probe (Figure 1d ), no non-speci®c binding was seen in the epithelium except in the hilium region.
To determine the presence of KL protein in rat OSE cells, sections of PMSG-primed ovaries were exposed to antibodies against KL and positive staining was seen as a diuse dark brown reaction product. KL protein was detected throughout the surface epithelium ( Figure  2a ). When antibodies were omitted, the dark reaction product was not evident (Figure 2b ) indicating that the reaction product was present only under circumstance of speci®c antibody-antigen reaction.
To further investigate the expression of KL and Kit in OSE cells, RNA was isolated from OSE cells derived from ovary explants and from ROSE 199 cells, and the presence of KL transcripts was detected by Northern blot analysis. KL transcripts were present in OSE and ROSE 199 cells ( Figure 3a) ; however, these cells did not express message for Kit receptors (Figure 3b ) as seen by a lack of signal in these preparations but an abundance of signal in the positive control (MC/9) lane.
The results of the in situ hybridization and northern blot analyses indicated that KL mRNA was present in both normal OSE and ROSE 199 cells. To determine which KL transcripts are produced by OSE cells, RT ± PCR was performed using total RNA preparations from ROSE 199 cells and from two independentlyestablished primary cultures of OSE cells. The PCR primers spanned the alternatively spliced exon and enabled the detection of both KL-1 and KL-2 transcripts (Huang et al., 1992) . Although both KL-1 and KL-2 cDNAs were ampli®ed in OSE and ROSE 199 cells, there was a predominance of KL-1 cDNA ( Figure 4 ). Similar results were obtained with a second pair of PCR primers (data not shown). Thus OSE cells, both normal and immortalized, produced KL transcripts and the majority of these transcripts were in the form that, when translated, yield a protein that is preferentially cleaved to produce soluble KL.
Eect of dbcAMP and TGF-b on expression of KL and Kit mRNA
Since no Kit was detectable in normal and ROSE 199 cells, and since Kit expression can be upregulated in other cell types by cAMP (Nishina et al., 1992; Ogawa et al., 1995) , we investigated the possibility that activation of the cAMP pathway could induce Kit expression in these cells. However, no Kit transcripts were detected in cells that had been cultured in the presence of 1 mM dbcAMP, despite a strong positive signal in mast cells which served as a positive control (data not shown).
To determine if dbcAMP or TGF-b could modulate the expression of KL in ovarian epithelial cells, ROSE 199 cells were treated for 48 h in the absence or presence of dbcAMP and/or TGF-b. KL mRNA expression increased 3.0+0.2-fold when ROSE 199 cells were treated with 1 mM dbcAMP ( Figure 5 ). In contrast, TGF-b reduced basal expression of KL to levels approximately half that of untreated cells and was particularly eective in suppressing the dbcAMPinduced expression of KL sixfold, resulting in KL levels that were lower than those seen in untreated ROSE 199 cells ( Figure 5 ). Despite the diering eects of dbcAMP and TGF-b on the steady-state levels of KL mRNA, both treatments, as well as the combined treatment, resulted in similar proportions of KL-1 : KL-2, in all cases yielding a relative abundance of KL-1 ( Figure 6 ).
Eects of dbcAMP and TGF-b on ROSE 199 cell proliferation
ROSE 199 cells displayed a sevenfold increase in the average number of cells after 48 h in culture, Figure 2 Immunohistochemical detection of KL protein in sections of ovaries from 28-day-old PMSG-treated rats. Sections were incubated with antibodies against KL and a diuse brown product indicating positive KL staining is seen in both surface epithelial cells and in granulosa cells (a). In (b), immunohistochemistry was performed without the primary KL antibodies to identify nonspeci®c staining Figure 3 Northern blot analysis of Kit receptor and KL mRNA expression in primary cultures of rat ovarian surface epithelial (OSE) cells and immortalized OSE cells (ROSE 199) . Blots with total RNA were sequentially probed with 32 P-labelled cDNA probes for KL (a), Kit receptor (b) and a-tubulin (c). NIH3T3 ®broblasts and MC/9 mast cells served as KL positive/Kit negative and KL negative/Kit positive controls, respectively suggesting a doubling time of approximately 16 h. Both dbcAMP and TGF-b signi®cantly inhibited the proliferation of ROSE 199 cells during a 48 h culture; the combined treatment was not more eective than the eects of dbcAMP alone. The inhibition of cell proliferation was not apparently associated with increased cell death, as 499% of the cells remained attached in all treatments, and 498% were viable, as indicated by the exclusion of Trypan blue.
Discussion
In this study we determined that KL is expressed in the surface epithelium of rat ovaries, in primary cultures of ROSE cells, and in immortalized rat OSE cells. DbcAMP increased the expression of KL in ROSE 199 cells, whereas TGF-b inhibited both basal and dbcAMP-stimulated KL expression. Despite their opposing eects on KL expression, both dbcAMP and TGF-b strongly inhibited ROSE 199 cell prolifera- Figure 4 Reverse transcription-polymerase chain reaction was performed on total RNA from rat OSE cells and ROSE 199 cells. KL primers spanning exon 6 of KL mRNA were used to amplify KL-1 (287 bp) and KL-2 (203) transcripts. C13, a KL-producing epithelial cell line, and granulosa cells were used as positive controls. RNA was substituted with water prior to RT ± PCR to serve as a negative control. In some experiments, MC/9 cells were used as negative control cells (data not shown) Figure 5 Northern blot analysis of KL expression in ROSE 199 cells cultured in the presence or absence of 10 ng/ml TGF-û and/ or 1 mM dbcAMP. Blots were probed sequentially with 32 Plabelled cDNA probes for rat KL (a) and a-tubulin (b). Total RNA samples from NIH3T3 and Sl 4 ®broblasts served as positive and negative KL mRNA controls, respectively. Band intensity was estimated using ImageQuaNT software and the ratios of KL/a-tubulin values were standardized to control levels which were arbitrarily set to 1.0 (c). Bars represent the mean+s.e.m. values of three experiments. Those indicated with an asterisk are signi®cantly dierent from control (P50.05) Figure 6 Reverse transcription-polymerase chain reaction performed on ROSE 199 cells cultured in the presence or absence of 10 ng/ml TGF-û and/or 1 mM dbcAMP. NIH3T3 ®broblasts and MC/9 mast cells served as KL positive/Kit negative and KL negative/Kit positive controls, respectively. KL primers were used to amplify the KL-2 (203 bp) and KL-1 (287 bp) transcripts. RNA was substituted with water prior to RT ± PCR to serve as a negative control tion. Kit mRNA was not expressed in either normal or immortalized OSE cells.
Although this is the ®rst demonstration of the presence of KL mRNA and protein in OSE cells of adult ovaries, KL mRNA has been reported in the surface epithelium of ovine ovaries during gestation (Tisdall et al., 1997) . This expression in ovine OSE was lost at birth, however, so that no KL expression was seen in the postnatal ovary. Primary cultures of rat OSE cells, established from ovary explants, retained the expression of KL through several passages. Isolation of rat OSE from ovary explants yielded fairly homogeneous populations and one could readily distinguish OSE cells from other ovarian cell types based on dierences in morphology of the cells (Adams and Auersperg, 1981) . Rat OSE cells in culture had clear cytoplasm, well-de®ned borders and formed con¯uent monolayers, similar to those described by Adams and Auersperg (1981) . Furthermore, the ovarian cells underlying the OSE cells are stroma cells, which express Kit (Manova et al., 1993; Motro and Bernstein, 1993; Lammie et al, 1994) , so the absence of Kit expression in the rat OSE cell preparation would suggest that there was no stromal cell contamination in these cultures.
Both normal and immortalized OSE cells were shown to have a predominance of KL-1 mRNA which, when translated, would preferentially yield soluble KL. The expression of Kit receptors in the underlying theca cells in vivo suggests that the soluble ligand activates the theca cell Kit receptors to elicit a response. The responsiveness of theca cell Kit receptors to soluble KL has been recently demonstrated by Parrott and Skinner (1997) who reported that KL stimulated gonadotropin-independent theca cell proliferation as well as androgen production. The importance of Kit-KL interactions has been demonstrated previously in paracrine communication between oocytes and granulosa cells (Ismail et al., 1996; Packer et al., 1994) , and it would seem that some aspects of theca-OSE cell communication may also be mediated by KL activation of Kit receptors.
Kit transcripts were absent in both primary and immortalized rat OSE cells and, although Kit expression in other ovarian cell types has been shown to be regulated by various factors including cAMP (Nishina et al., 1992; Ogawa et al., 1995) and human chorionic gonadotropin (Horie et al., 1991) , it could not be induced in OSE cells by dbcAMP. Although this observation suggests that Kit does not play a direct role in OSE cell activity, it is equally possible that Kit is important, but is expressed in OSE cells only under speci®c conditions which were not duplicated in culture, or that Kit expression cannot be induced in the immortalized cells used in this study.
Gonadotropins, both follicle-stimulating hormone (FSH) and luteinizing hormone (LH), show elevated levels at the time of ovulation and have regulatory eects on gene expression in ovarian cells that have appropriate receptors. Although FSH has not been shown to regulate Kit expression, the LH-like hormone hCG decreases Kit expression in both theca cells and oocytes of mouse ovaries (Motro and Bernstein, 1993; Horie et al., 1991) . In addition, both FSH and hCGlike hormones increase KL mRNA expression in granulosa cells of mice (Motro and Bernstein, 1993) and rats (Ismail et al., 1996) . Although there is evidence that OSE cells express receptors for both LH (Osterholzer et al., 1985) and FSH (Zheng et al., 1996) , the immortalized OSE cell line used in this study does not express these receptors (manuscript in preparation). However, cAMP serves as the second messenger following receptor activation by both gonadotropins, and activation of this signalling pathway can be mimicked by dbcAMP. Although Kit expression can be upregulated by activation of this pathway in some cell types (Nishina et al., 1992; Ogawa et al., 1995) , Kit was not expressed in ROSE 199 cells treated with dbcAMP. In contrast, dbcAMP increased the expression of KL mRNA which is in agreement with its eects on KL expression in granulosa cells (Manova et al., 1993) and Sertoli cells (Rossi et al., 1991) . Coincident with the enhanced expression of KL, dbcAMP also strongly inhibited ROSE 199 cell proliferation; however the lack of Kit receptors in these cells would suggest that the altered gene expression was not responsible for the changes in proliferation. While there is the possibility that the suppression of proliferation directly or indirectly caused the upregulation of KL expression, it seems unlikely as the growth-inhibitory eects of TGF-b elicited opposite eects on KL expression. Therefore, it is reasonable to suspect that these two responses to activation of the cAMP signalling pathway are functionally unrelated.
The dierential eects of cAMP on mitogenic signalling pathways is well established. In some cells, it promotes growth (Cass and Meinkoth, 1998), while in many others, it inhibits proliferation, both basal (Chen et al., 1998; Tortora et al., 1997) , and growth factor-stimulated (Tortora et al., 1997; Vadiveloo et al., 1996; D'Angelo et al., 1997) , through a pathway that includes both PKA and Map kinase (Chen et al., 1998; Tortora et al., 1997) . Since OSE cells in vivo are generally quiescent with low proliferation rates associated primarily with wound repair after ovulation (Murdoch, 1996) , it can be speculated that the cAMP signalling pathway contributes to the maintenance of the quiescent state of these cells by suppressing growthpromoting mechanisms.
Stromal and theca-interstitial cells of both human and bovine origin have been shown to produce soluble products that alter OSE cell proliferation (Vigne et al., 1994; Karlan et al., 1995) . One key negative regulator is TGF-b which is produced in increasing abundance by the theca cells during follicle growth (Skinner et al., 1987; Chegini and Flanders, 1992) . Our results are in agreement with previous observations of the growth inhibitory eects of TGF-b on OSE cell proliferation (Berchuck et al., 1992; Vigne et al., 1994) , and suggest that theca-derived TGF-b may elicit responses not only from the follicular granulosa cells (Skinner et al., 1987) , but from the overlying OSE cells as well. In addition to its inhibitory eects on OSE cell proliferation, TGF-b suppressed KL mRNA expression, which is in agreement with previous studies that demonstrated inhibitory eects on KL mRNA expression and activity in other cell types (Heinrich et al., 1995; Mekori and Metcalfe, 1994; Ramsfjell et al., 1997) . Interestingly, TGF-b not only reduced basal KL expression in OSE cells, but eliminated the dbcAMPinduced increase in KL expression, suggesting that activation of TGF-b receptors and/or a downstream eector molecule can block cAMP-induced transcription.
Previous work published by our laboratory (Ismail et al., 1997) and others (Allard et al., 1996) have shown that hormonal and pharmacological stimuli can preferentially alter levels of expression of KL splice variants. However, despite their eects on KL transcription, neither dbcAMP nor TGF-b elicited any changes in the proportion of the two KL transcripts generated in ROSE 199 cells, indicating that overall transcription levels, but not the mechanisms controlling alternative splicing, are regulated by these factors. The ability to regulate levels of KL production in OSE cells, and preferential generation of the transcript that encodes soluble KL, underscores the possibility that this ligand may act in a paracrine fashion on neighbouring cells that bear Kit receptors, most likely theca cells. As our knowledge of the mechanisms of communication between these two cell types improves, it will be possible to evaluate their contribution to the processes of ovulation and the formation of invaginations and cysts that give rise to ovarian epithelial carcinomas.
Materials and methods
Animals
Prepubertal and adult (3 ± 12 month old) female SpragueDawley rats were obtained from the animal colony at the University of Ottawa. Animals were allowed free access to food and water, and lighting was provided for 14 h daily. Some prepubertal animals were injected intraperitoneally at 26 days of age with 7.5 IU of pregnant mare's serum gonadotropin (PMSG; Folligon, Intervet, Whitby, ON). Gonadotropin-treated animals were sacri®ced 40 h after PMSG injection. Untreated prepubertal animals were sacri®ced and used as age-matched controls. Adult rats were sacri®ced, the ovaries dissected and used to isolate OSE cells.
Primary and immortalized OSE cells
OSE cells were isolated from ovary explants as previously described in the literature (Adams and Auersperg, 1981) with the exception that explants were allowed to dry for 7 min instead of 5 min. Explants were incubated in 5% CO 2 : 5% O 2 : 90% N 2 for 4 days in Waymouth MB 752/1 medium (Sigma, St. Louis, MO, USA) supplemented with 25% FBS (Hyclone) 100 IU/ml penicillin G (a generous gift from Sigma) and 100 mg/ml of streptomycin (Sigma), with a media change after 3 days. After this period, a ring of epithelial cells was evident around each explant. The explant was removed and any contaminating cells were scraped using a 25 G needle. Cells were washed twice with Hanks' Balanced Salt Solution (Gibco ± BRL, Burlington, ON) and then removed from the dish by exposing cells to 0.25% trypsin in phosphate-buered saline (PBS) for 20 min at room temperature. OSE cells were plated at 5000 cells/ml in media and after two passages, the cells were harvested for total RNA. Six individual OSE cultures were established and used for RNA extraction and subsequent Northern blot analysis.
ROSE 199 cells, a spontaneously immortalized rat OSE cell-derived cell line (a generous gift from Dr N Auersperg; Adams and Auersperg, 1985) , were used in studies investigating OSE cell proliferation, and Kit and KL mRNA expression. These cells were maintained in a-minimum essential medium (Gibco ± BRL) supplemented with 10% FBS in tissue culture dishes (Falcon), incubated 378C in 5% CO 2 .
In situ hybridization
Sections of ovaries from untreated prepubertal rats and agematched PMSG-primed animals were prepared and used for in situ hybridization as described previously (Ismail et al., 1996) . Brie¯y, KL mRNA was detected with digoxigeninlabelled oligonucleotide probes, whose sequence was complementary to the RNA encoding a portion of the extracellular region of KL. The sections were exposed to alkaline phosphatase-conjugated antibodies against digoxigenin and then incubated with alkaline phosphatase colour reaction substrates. A dark blue reaction product indicated positive KL mRNA signal.
Speci®city of the probe was evaluated using the following controls: (1) omission of labelled KL probe from the hybridization incubation; (2) incubation using labelled KL probe with unlabelled probe in excess (100 : 1 unlabelled:labelled probe); (3) incubation with a heterologous probe complementary to nucleotides 151 ± 174 of bacterial neomycin transferase and which does not share any common nucleotide sequences with KL. For all post-hybridization steps, control sections were developed according to the above protocol and together with sections which were hybridized with labelled probe. Endogenous alkaline phosphatase activity was assessed by omitting the digoxigenin antibody from the immunological detection procedure.
Immunohistochemistry
Paran-embedded sections of rat ovaries were cleared in a graded xylene/ethanol series and used for immunohistochemistry. Endogenous peroxide activity was blocked using 1% H 2 O 2 (BDH) diluted in Stockholm's phosphate buered saline (S-PBS). Slides were rinsed for 5 min with three changes in S-PBS, and the antigenic sites were exposed by treating slides with 0.1% trypsin in S-PBS for 15 min at room temperature. Slides were washed for 5 min with three changes in S-PBS and then incubated for 1 h at room temperature in a dark humidi®ed chamber with 20 mg/ml of polyclonal goat anti-mouse KL neutralizing antibodies (R&D Systems, Minneapolis, MN, USA), diluted in diluent (0.3% triton X-100 in S-PBS). After incubation, slides were rinsed twice and washed three times for 5 min each in S-PBS. Sections were exposed to a diluted (1 : 200) biotinylated donkey anti-goat antibody for 30 min and washed as above. Slides were incubated with a horseradish peroxidase-conjugated Streptavidin antibody diluted 1 : 200 in S-PBS and again washed as described above. To determine reactive antigenic sites, sections were exposed using a diaminobenzidene substrate detection kit (Boehringer Mannheim, Laval, PQ) according to manufacturer's instructions. After colour development, slides were dehydrated and mounted with permount (Fisher Scienti®c, Ottawa, ON).
Northern blot analysis of Kit and KL mRNA expression
To determine the levels of mRNA expression of Kit receptor and KL in OSE and ROSE 199 cells, total RNA was isolated using either an RNeasy kit (Qiagen, Chatsworth, CA, USA), or a LiCl precipitation method according to a standard protocol (Sambrook et al., 1989) , depending on the number of cells available. Total RNA was also extracted from MC/9 (ATCC, Rockville, Maryland, USA), NIH3T3 (ATCC) and Sl 4 (generous gift from Dr D Williams) cells to serve as Kit positive/KL negative, KL positive/Kit negative controls, and KL negative/Kit negative, respectively. RNAs were separated on 0.9% agarose formaldehyde gels and transferred overnight to Hybond-N nylon membranes (Amersham, Oakville, ON) or nitrocellulose membranes (MSI, Westborough, MA, USA). The blots were hybridized with 32 P-cDNA probes labelled by random priming to either murine or human KL cDNA (gift from AMGEN, Thousand Oakes, CA, USA), or a 680 bp fragment isolated from PCR ampli®ed rat KL-1 cDNA. These same blots were stripped and reprobed with 32 P-labelled 3 kb EcoRI ± HindIII fragment isolated from mouse Kit cDNA (generously donated by Dr A Bernstein). To serve as a loading control, blots were probed a third time with 32 P-labelled probes for a-tubulin mRNA (a gift from Dr McBurney). Intensity of bands were estimated using a PSI phosphoimager (Molecular Dynamics, Sunnyvale, CA, USA) and the ratios of Kit or KL to a-tubulin mRNA were calculated and standardized to control values which were arbitrarily set to 1.0. Northern blots to determine levels of Kit or KL mRNA were done four times with six dierent samples of OSE cells and three samples of ROSE 199 cells. Northern blots to determine regulation of Kit and KL expression were done three times with three independent samples of each treatment group.
Dierentiation of alternative KL transcripts
Reverse transcription-polymerase chain reaction (RT ± PCR) was used to determine the relative proportion of KL-1 and KL-2 transcripts in normal and ROSE 199 cell total RNA preparations using a procedure and primers as described previously by our laboratory (Ismail et al., 1997) . PCR products were then separated on a 1% NuSieve, 1% agarose gel. Some PCR reactions were done using water instead of RT sample to serve as a negative control. There were two positive controls; (1) C13, an epithelial cell line that produces predominantly KL-1 transcripts and; (2) granulosa cells that produce predominantly KL-2 transcripts (Ismail et al., 1997) . This experiment was performed twice with two separate RNA preparations. In some cases, results were con®rmed with a second pair of KL primers.
ROSE 199 cell proliferation
ROSE 199 cells were seeded at 1.5610 5 cells in 100 mm tissue culture dishes and incubated at 378C for 48 h in 10 ml of a-minimum essential media+10% FBS, in the presence or absence of 1 mM dibutyryl cyclic adenosine monophosphate (dbcAMP: Boehringer Mannheim), a membrane permeable analogue of cAMP and/or 10 ng/ml TGF-b (R&D Systems). At the end of the culture period, plates were coded by an independent observer to allow for unbiased analysis and cells were assessed for morphological changes using a light microscope. Cells were subsequently detached from the dishes using 0.25% trypsin in PBS, transferred to 15 ml Falcon tubes, pelleted by centrifugation at 3000 g for 4 min, resuspended in 1 ml of media and counted on a hemocytometer. In some experiments, Trypan blue dye exclusion was used to estimate cell viability. After counting all samples, duplicate samples were pooled, and cells were pelleted,¯ash frozen in liquid nitrogen, and stored at 7808C until Northern blot or RT ± PCR analysis. Experiments were performed three times in duplicate. Statistical comparisons were made using analysis of variance. When signi®cant eects were observed, the Bonferroni post-test for multiple comparisons was used. Data are presented as the mean+s.e.m. and statistical signi®cance was inferred at P50.05.
